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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetization 
measuring apparatus using a helium-3 refrigerator, in which 
ultra-low temperatures of about 0.3K can be generated, by 
only adding a simple means to a magnetic property 
measurement system (MPMS) by using widely-used MPMS, and 
a magnetization characteristic can be measured at ultra-low 
temperatures. 

SOLUTION: A specimen rod 5 is put in a main pipe 23 of a 
helium-3 refrigerator 20, this main pipe 23 is inserted into a 
cylinder 8 in the sample chamber of a magnetization measuring 
apparatus 1, and an opening 17 at a lower end of a box 16 is 
sealed hermetically and fixed to the cylinder 8 in the sample 
chamber. An upper end of the main pipe 23 is connected to a 
helium-3 gas handling system 30 with a bellows 28, and a 
connector of the sample rod 5 is connected to a controller 40 
for the magnetization measuring apparatus as an external unit 
with a signal line 34. The inside of a liquid helium envelope 2 is 
evacuated by a main pump 9 and an auxiliary pump 11, thereby 
lowering the temperatures of the sampling chamber down to 
1.5K, and liquid helium 3 is collected in the main pipe 23. By 
evacuating over the liquid helium, the sample environment 
temperature is lowered down to 0.3K. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS ' 

[Claim(s)] _ ~~ ~~ 

[Claim 1] 

The sample rod which fixed the sample, 

The helium-3 refrigerator equipped with the main pipe which equips with said sample rod and forms in the 
perimeter of this sample rod the space which cools by helium-3. 

The heli urn - 3 refrigerator use magnetization measuring device characterized by having a barrel equipped with 
said helium-3 refrigerator, and the MPMS magnetization measuring device which equipped this barrel periphery 
with the cooling means by helium-4, and was equipped with a superconductive magnet, magnetic field means 
forming, the temperature adjustment device, and the magnetic field adjustment device. 
[Claim 2] 

Bellows which opens the main pipe and an external helium-3 feeder for free passage, 

Said helium-3 refrigerator is a box for maintaining the space of the movable range of said bellows at an airtight 
condition, and lower limit opening prepared in order to equip said barrel with a box in the airtight condition, 
The signal line which connects said sample rod and external control unit, 

The helium-3 refrigerator use magnetization measuring device according to claim 1 characterized by equipping 
said sample rod with a thermometry means and a temperature adjustable means. 
[Claim 3] 

The helium-3 refrigerator use magnetization measuring device according to claim 1 characterized by having 
the auxiliary pump of separate installation with said main process pump for MPMS at the cooling means by said 
helium-4. 
[Claim 4] 

The helium-3 refrigerator use magnetization measuring device characterized by having the control unit for 
magnetization measuring devices which connects with said MPMS, a helium-3 refrigerator, and a sample rod, 
and performs magnetic field control, sample temperature control, and measurement actuation. 



[Translation done.] 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention generates the very low temperature to 0.3K only by adding easy equipment, and relates. to the 
helium-3 refrigerator use magnetization measuring device which enabled it to perform desired magnetization 
measurement easily while it uses MPMS which can generate about 1.8K very low temperature especially using 
helium-4 from the former about a magnetization measuring device required to study the physical properties at 
the time of the very low temperature of various matter and helium-3 is further used for it. 
[0002] 

[Description of the Prior Art] 

a measuring device called MPMS (Magnetic Property Measurement System) of U.S. Quantum Design about this 
present and magnetization measurement although magnetization measurement is an indispensable means in 
order to study various kinds of physical properties, such as the magnetic substance and a superconductor, — 
a de-facto standard — it is widely used as a measuring device. 
[0003] 

Although the upper limit of the measurement temperature of this MPMS attains to 800K by introducing an 
elevated-temperature option, the minimum remains in 1.8K by reduced pressure of liquid helium-4. Therefore, 
it is impossible to perform that magnetization measurement by this MPMS on the occasion of research of a 
superconductor with unique superconduction oxide of Ru system which attracts attention in recent years and 
whose superconduction transition temperature is before and after 1K, or Re system, various heavy electronic 
system superconductors, etc. In addition, when giving the example of the magnetic substance, since a 
ferromagnetic transition temperature of pNPNN which is a world's first pure organic ferromagnetic was 0.6K, 
research was done with handmade equipment. 
[0004] 

[Problem(s) to be Solved by the Invention] 

As mentioned above, since temperature fell only to about 1.8K, MPMS widely used from the former was not 
able to perform magnetization measurement of the various matter which attracts attention as mentioned 
above in recent years, although it is necessary to create the equipment which can perform magnetization 
measurement or less by 1.8K specially, since [ therefore, ] it becomes the so-called custom-made item in that 
case — a very expensive thing — not becoming — since it does not obtain and there is no versatility, it is 
difficult to use the created equipment in an extensive field. 
[0005] 

Moreover, it is very difficult to constitute from equipment of such a custom-made item so that direct-current 
magnetization can be measured using a superconduction interference component (SQUID), and measuring 
alternating current magnetization is only lost. However, the measurement by such alternating current 
magnetization has low sensibility, and cannot judge magnitude of magnetization directly. Furthermore, even if it 
was the case where direct-current magnetization was measured, outdated measuring methods, such as a 
drawing method, an oscillating sample method, and the magnetic field **** method, will be used, and it was not 
able to measure using SQUID of super-high sensitivity. Therefore, it was, without the ability receiving the 
benefit of super-high sensitivity obtained by using the above SQUID. 
[0006] 

Therefore, this invention sets it as the main purpose to offer the helium-3 refrigerator use magnetization 
measuring device which it enables it to make generate about 0.3K very low temperature only by adding an easy 
means to it, and enabled it to measure a magnetization property by high sensitivity under the very low 
temperature using MPMS (Magnetic Property Measurement System) widely used from the former. 
[0007] 

[Means for Solving the Problem] 

the present condition with above this invention — being based — current — the equipment in which the 
magnetization measurement under the very low temperature to 0.3K is possible is developed using MPMS as a 
magnetization measuring device of marketing used widely. Moreover, it enables it to perform the electric 
resistance to 0.3K, and hall effect measurement by using together the technique shown in the application for 
patent No. 353149 [ 2001 to ] which is invention of the point by this equipment and this artificer. 
[0008] 
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The fundamental view of this invention is lowering the space which is 1.8K which MPMS offers to 1.5K with an 
auxiliary rotary pump, inserting the small helium-3 refrigerator which can move up and down in it, and making 
the whole refrigerator go up and down in the pick up coil, and measures direct-current magnetization. A 
helium-3 refrigerator can lower the temperature of a sample to 0.3K. Unlike the case where only a sample is 
made to go up and down in liquefaction helium-3, by making the whole refrigerator go up and down, sample 
temperature can be kept constant. Based on the above fundamental technical thought, this invention adopts 
the following configurations in order to solve the above-mentioned technical problem. 
[0009] 

Namely, the helium-3 refrigerator equipped with the main pipe which invention concerning claim 1 equips with 
the sample rod which fixed the sample, and said sample rod, and forms in the perimeter of this sample rod the 
space which cools by helium-3, The barrel equipped with said helium-3 refrigerator and this barrel periphery 
are equipped with the cooling means by helium-4. It considers as the helium-3 refrigerator use magnetization 
measuring device characterized by having the MPMS magnetization measuring device equipped with a 
superconductive magnet, magnetic field means forming, the temperature adjustment device, and the magnetic 
field adjustment device. 
[0010] 

Moreover, the bellows with which invention concerning claim 2 opens the main pipe and-an external helium-3 
feeder for free passage and said helium-3 refrigerator The box for maintaining the space of the movable range 
of said bellows at an airtight condition, Lower limit opening prepared in order to equip said barrel with a box in 
the airtight condition, It considers as the signal line which connects said sample rod and external control unit, 
and the helium-3 refrigerator use magnetization measuring device according to claim 1 characterized by 
equipping said sample rod with a thermometry means and a temperature adjustable means. 
[0011] 

Moreover, invention concerning, claim 3 is taken as the helium-3 refrigerator use magnetization measuring 
device according to claim 1 characterized by having the auxiliary pump of separate installation with said main 
process pump for MPMS at the cooling means by said helium-4. 
[0012] 

Moreover, it connects with said MPMS, a helium-3 refrigerator, and a sample rod, and invention concerning 
claim 4 is taken as the helium-3 refrigerator use magnetization measuring device characterized by having the 
control unit for magnetization measuring devices which performs magnetic field control, sample temperature 
control, and measurement actuation. 
[0013] 

[Embodiment of the Invention] 

The example of this invention is explained along with a drawing. Drawing 1 is drawing having shown the 
software configuration of the control unit for magnetization measuring devices while showing typically the 
structure of the helium-3 refrigerator use magnetization measuring device by this invention. The basic 
configuration of the helium-3 refrigerator use magnetization measuring device in this drawing uses the 
magnetization measuring device 1 using the main components of the equipment which calls MPMS as 
mentioned above and is widely used from the former. Wearing of the helium-3 freezer 20 which is mentioned 
later is enabled, and it enables it to equip the internal liquid helium container 2 with the sample rod 5 from 
upside opening in this equipment like what is used from the former into this helium-3 freezer 20 at MPMS. 
[0014] 

The basic function as a measuring device in this magnetization measuring device 1 can detect now the minute 
magnetic field generated by the magnetic sample fixed to the sample rod 5 with the SQUID component 
adapting the Josephson effect of a superconductor, and can perform measurement of the Meissner Effect of 
the magnetic susceptibility of the quality of a magnetic matter, a magnetization curve, and a superconductor 
sample etc. 
[0015] 

The cylinder-like outer case 6 is hung from the up opening in the liquid helium container 2 which holds liquid 
helium-4, and the more detailed configuration of the above-mentioned magnetization measuring device 1 and 
helium-3 freezer 20 grade equips the lower limit side with the capillary 7 which extends and carries out 
opening into RIUMU 4 to the liquid stored in the liquid helium container 2, as shown in the mimetic diagram 
having expanded and shown the configuration in dr awing 2 in part as an exploded view at drawing 3 . 
[0016] 

This outer case 6 was prolonged in the upper part exterior of the liquid helium container 2, that side- 
attachment-wall section is equipped with the opening 19 for pump connection, and the main process pump 9 
which it has in the conventional MPMS is connected to the opening 19 for pump connection by piping 10. 
Furthermore, as this equipment is shown in drawing 1 to said piping 10, the auxiliary pump 1 1 is also 
connected, and it enables it to make the inside of the sample room 12 into low temperature more by operating 
this auxiliary pump 1 1 in addition to actuation of a main process pump 9 so that it may mention later. 
[0017] 

While having the sample indoor cylinder-like cylinder 8 inside an outer case 6 and equipping with an end face 
13 the location which is distant from opening of a capillary 7 in the lower limit of the sample indoor cylinder 8 
The drive 33 which the part to which a part of bulb for an edge to extend up further rather than the upper 
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limit section of an outer case 6, form the sample wearing opening 14, and intercept measurement space from 
atmospheric air directly under the and sample rod are thick is caught [ drive ], and moreover moves a sample 
rod up and down exists. Moreover, it can connect now with the lower limit opening 17 of the lid 15 as shown in 
drawing 2 (c), and the box 16 as shown in this drawing (b) by the seal members 18, such as a Wilson seal with 
sufficient sealing performance, to the sample wearing opening 14. In addition, if a Wilson seal tightens **** and 
is full, an O ring can bind a central pipe tight and it can close a vacuum. This seal part is not restricted* to a 
Wilson seal method, and may consist of flanges using O ring gasket again. 
[0018] 

As shown in drawing 2 (a), by opening the lid 36 of the helium-3 freezer 20 as shown in drawing 2 (b), from the 
sample rod wearing opening 24 formed in the upper limit section of the main pipe 23, the sample rod 5 which 
fixed the members 21 for measurement, such as two or more test pieces, a heater, and a temperature sensor, 
caudad can be inserted into the main pipe 23, and it can equip with it. In addition, when the sample rod 5 is 
inserted into the main pipe 23 as mentioned above, it enables it for the seal members 38, such as a Wilson seal 
prepared in sample rod wearing opening 24 part, to perform a seal with sufficient sealing performance. In 
addition, in an illustration example, the heat insulation vacuum member 29 is formed in the lower periphery of 
the main pipe 23, and it is made to perform heat insulation for the main pipe 23 interior from the space of the 
sample room 1 2 of the exterior. 
[0019] 

The helium-3 freezer 20 connects between the opening 25 prepared in the up side attachment wall of the 
main pipe 23, and the openings 27 of the side attachment wall 26 of a box 16 with bellows 28, and enables it to 
perform reduced pressure by the exhaust air in the main pipe 23, installation of the helium-3 to the main pipe 
23, and discharge of evaporation helium-3 so that it may mention later by the gas handling system 30 of 
helium-3 as shown in the mimetic diagram of drawing 2 (b) or dr awi ng 3 . In addition, between the gas handling 
system 30 of helium-3, and opening 27, it connected by piping 31 and the bulb 32 is formed in the middle. 
[0020] 

Moreover, it sets to what formed the gas handling system 30 of such helium-3. As opposed to the box 16 
which makes the main pipe 23 movable to a box 16, and is fixed to the outer case 6 of the magnetization 
measuring device 1 by that cause Vertical movement of the main pipe 23 is enabled with migration equipment 
33, and the sample rod 5 is moved up and down at the time of measurement, and the pick up coij twisted 
around the periphery of an outer case 6 is made to generate the induced electromotive force proportional to 
magnetization of a sample, and it detects in SQUID to it. 
[0021] 

When the main pipe 23 is equipped with the sample rod 5 as are shown in drawing 2 (b), and it has extended 
and a signal line 34 is shown in drawing 1 and drawing 3 to the side attachment wall 26 of a box 16 to the 
interior, it connects with the connector 35 prepared in the upper limit section of the sample rod 5. Thereby, 
transfer of the control unit 40 for magnetization measuring devices and a signal as shown in drawing 1 is 
enabled. In addition, also in the magnetization measuring device 1, the control unit 40 for magnetization 
measuring devices and connection are possible because of magnetic field control of the interior, and 
-temperature control. 
[0022] 

As shown in drawing 1 , in order that the control unit 40 for magnetization measuring devices can make it 
operate using the MV (Multi-View) software 41 which already exists as software for control of the 
magnetization measuring device 1 from the former and may perform magnetization measurement of the 
temperature requirement of 0.3-2K of helium-3 using the helium-3 freezer 20 in this invention, it uses further 
the software 42 shown as i-Helium3 in drawing. 
[0023] 

As I/O with the sample and thermo-sensor heater on the sample rod 5 can be performed directly 
independently and this magnetization measuring device can perform predetermined actuation with the software 
42 of this i-Helium3, the user is made to perform the master data input 43 for measurement as a 
measurement actuation command beforehand. The command of the software of i-Helium3 operates the MV 
software 41 through the HSP software 44 used widely now, and enables it for the sequence control means of 
the MV software 41 to perform magnetic field control in the magnetization measuring device 1, magnetization 
measurement of a sample, input process of a sample magnetization measurement signal, etc. during 
measurement actuation by that cause. 
[0024] 

The use is faced in the helium-3 refrigerator use magnetization measuring device by this invention constituted 
combining the above equipments. From the condition that each part material is decomposed as shown in 
drawing 2 at first, the sample rod 5, with which the thermo sensor and the heater are being fixed as shown in 
drawjng 2 (a) is equipped with a sample. After opening the lid 36 of the head-lining section of the box 16 as 
shown in drawing 2 (b) and inserting into the sample rod wearing opening 24 of the main pipe 23, as shown in 
drawing 3 , the seal members 38, such as a Wilson seal of the upper limit section of the main pipe 23, perform 
a seal certainly. 
[0025] 

Then, the connector of the signal line 34 which has extended in a box 16 is connected with the connector 35 
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of the sample rod 5 upper part. Measurement and its control of sample temperature are performed through 
this signal line 34. Subsequently, the lid 36 of the box 16 head-lining section is shut, and the interior is sealed. 
Then, by the gas handling system ,30 of helium-3 shown in drawing 1 , the preliminary exhaust air of the inside 
of the main pipe 23 is carried out by the high vacuum exhaust air system through bellows 28, and a bulb 32 is 
closed in the condition. 
[0026] ' , . 

Subsequently, sample space is heated to 300K using the function of MV software which is the MPMS control 
software of the control unit 40 for magnetization measuring devices, a vent valve is opened, the curtain of 
gaseous helium is made to be made and the lid 15 of the sample wearing opening 14 of the topmost part of the 
sample indoor cylinder 8 shown in drawing 2 (c) is opened. Insert the main pipe 23 of the helium-3 freezer 20 
which equipped with the sample rod 5 as mentioned above to this sample wearing opening 14, the sample 
wearing opening 14 and the lower limit opening 17 of a box 16 are made to contact, and it closes by the seal 
member 18. In addition, since the reference standard of MPMS of seal nature is [this seal member 18 ] 
.„inadequate,_it_is exchanged_for_a_Wilson_seaLas-mentioned-.above,_and_is_raising.seaLnature. 
[0027] 

Then, releasing a bulb 32 and exhausting the inside of the main pipe 23 to a high vacuum by the gas handling 
system 30 of helium-3, a main process pump 9 is operated by the function of the MV software 41 which is the 
control software of MPMS in the control unit 40 for magnetization measuring devices, and sample space is 
cooled to 1.8K. If the auxiliary pump 11 which consists of a rotary pump etc. here is worked further, the 
temperature of sample space can be lowered to about 1.5 K. 
[0028] 

In this condition, if helium-3 gas (3helium gas) is introduced in the main pipe 23 through a liquid nitrogen trap, 
helium-3 gas will be liquefied by actuation of the helium-3 gas handling system 30, and it will store under the 
main pipe 23 by it. It becomes possible after the reservoir of the liquefaction helium-3 gas of the specified 
quantity to maintain the perimeter of the sample attached in the lower limit section of the sample rod 5 at the 
low temperature of 0.3K by exhausting the helium-3 gas in the main pipe 23 using a closing exhaust air system 
by actuation of the helium-3 gas handling system 30. 
[0029] 

Although data will be acquired by the function of the measurement software of MPMS, controlling the 
temperature and the magnetic field of a sample after that if needed for an operating personnel Although it can 
be made to operate with the above software of the control unit 40 for magnetization measuring devices shown 
in drawing; 1 in that case It enables it to operate the part which cannot be operated with the MV (Multi-View) 
software 41 conventionally used in MPMS with the software 42 of i-Helium3 developed in order to compensate 
this. 
[0030] 

i-Helium3 has two functions. One is the thermometry and control of i0.3-2K, and another is controlling iiMV 
indirectly through HSP and making it take data automatically. At least the function of i) was possible for 
measurement, when the operating personnel carried out the direct control of the MV, but since it was very 
inconvenient-to-take many data then, the function of ii-was added. That is, an operating personnel gives 
directions of required temperature change and magnetic field change at once to i-Helium3. i-Helium3 controls 
a resistance bridge with a PID temperature control device, makes the required temperature spot itself, 
controls MV indirectly through HSP about a magnetic field, and makes a required magnetic field. Then, i- 
Helium3 carries out indirect control of the MV, moves up and down the helium^3 refrigerator with which the 
sample was set, and acquires the data of magnetization. 
[0031] 

In addition, in the magnetic-measurement equipment of previous application, although the computer which 
controls MPMS, and the computer which measures electric resistance, a hall effect, etc. were made into 
another thing, in the equipment shown in the above-mentioned example, it can collect into one set and the 
software which controls measurement further could also be packed into one by the approach of publishing the 
message of an operating system. 
[0032] 

Measurement of electric resistance and a hall effect uses [ still more nearly general-purpose ] the above- 
mentioned structure nothing and besides using this as above magnetization measuring devices, since the 
helium-3 freezer use magnetic-measurement equipment of this invention which operates as mentioned above 
can make space in the main pipe 23 from the former the sample space of the low temperature to 0.3K using 
MPMS used widely for example, is also possible. 
[0033] 

[Effect of the Invention] 

Since this invention was constituted as mentioned above, using MPMS widely used from the former, about 0.3K 
very low temperature can be generated only by adding an easy means to it, and physical properties, such as a 
magnetization property, can be measured by high sensitivity under the very low temperature. 
[Brief Description of the Drawings] 

[Drawing 1] It is the system configuration Fig. of the example of this invention. 
[Drawing 2] It is the decomposition sectional view of this example. 
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[Drawing 31 It is the mimetic diagram of the main configuration section of this example. 
- [Description of Notations] - - 

1 Magnetization Measuring Device 

2 Liquid Helium Container 

5 Sample Rod 

6 Outer Case 

7 Capillary 

9 Main Process Pump 

10 Piping 

1 1 Auxiliary Pump 

12 Sample Room 

1 3 End Face 

14 Sample Wearing Opening 

16 Box 

17 Lower Limit Opening 

18 Seal Member 

19 Opening for Pump Connection 

20 Helium-3 Freezer 

21 Member for Measurement 1 

23 The Main Pipe 

24 Sample Rod Wearing Opening 

25 Opening 

26 Side Attachment Wall 

27 Opening 

28 Bellows 

29 Heat Insulation Vacuum Member 

30 Gas Handling System 

31 Piping 

32 Bulb 

33 Migration Equipment 

34 Signal Line 

35 Connector 

40 Control Unit for Magnetization Measuring Devices 

41 MV Software 

42 I-Helium3 Software 

43 Master Data Input Section for Measurement 

44 HSP Software 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing Jj It is the system configuration Fig. of the example of this invention. 
[Drawing 2] It isffhe decomposition sectional view ~bf 'this example." "7 
[Drawing 3] It is the mimetic diagram of the main configuration section of this example. 
[Description of Notations] 

1 Magnetization Measuring Device 

2 Liquid Helium Container 

5 Sample Rod 

6 Outer Case 

7 Capillary 

9 Main Process Pump 

10 Piping 

11 Auxiliary Pump 

12 Sample Room 

13 End Face 

14 Sample Wearing Opening 

15 Lid 

16 Box 

17 Lower Limit Opening 

18 Seal Member 

19 Opening for Pump Connection 

20 Helium-3 Freezer 

21 Member for Measurement 

23 The Main Pipe 

24 Sample Rod Wearing Opening 

25 Opening 

26 Side Attachment Wall 

27 Opening ~~ 

28 Bellows 

29 Heat Insulation Vacuum Member 

30 Gas Handling System 

31 Piping 

32 Bulb 

33 Migration Equipment 

34 Signal Line 

35 Connector 

40 Control Unit for Magnetization Measuring Devices 

41 MV Software 

42 I-Helium3 Software 

43 Master Data Input Section for Measurement 

44 HSP Software 
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«^W^igfE*f*&H©#Jl%^fE*f*©W?S« L T (DMitmfe* COM P M S tc 

pNPNNOaa tt« 9 Ifi JS tt 0 . 6 K T? o fc fc ft v f ft t) ©llTBf^^ff 
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3 c fc ft~? £ ft *» o fc„ * <Dtz*b, iSOJ:34SQU I.D «rffl cttci^Sf, 
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i etSLt, iig§3 3(CJ:t)i;W7'2 3^±TiRir t i:L 
. tS » D ? K5*Sa^«f»c±Ti&*-&, ff 6 cb ft tc # £ ft" & tl tz M v * T v V =J 
;U JC , H»0«fbfcJtWILfcSISije**l 1 *«4-&L«), SQUID(CT^ffi-r^o 
[ 0 0 2 1 ] 1 
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[ 0 0 2 3 ] 

CCDi-He 1 i ura3CV7h 4 2fci^T, iSftn>vF5±cr>Kft.ig£-k>-9-— • 
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[ 0 0 2 4 ] 

±I2CD J: d «^Lfc*fgB^(c J: ^ A 3 i^«1l?iJffiFM{tSiJ^S 
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[ 0 0 2 5 ] 

tC S D y F 5 ± gp CD n * ? * 3 5 lc\ # y * X 1 6rtteSHJLT^5e^i3 4 
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